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The recently discovered (Li1−xFex)OHFeSe superconductor with Tc about 40K provides a good
platform for investigating the magnetization and electrical transport properties of FeSe-based super-
conductors. By using a hydrothermal ion-exchange method, we have successfully grown crystals of
(Li1−xFex)OHFeSe. X-ray diffraction on the sample shows the single crystalline PbO-type structure
with the c-axis preferential orientation. Magnetic susceptibility and resistive measurements show
an onset superconducting transition at around Tc=38.3K. Using the magnetization hysteresis loops
and Bean critical state model, a large critical current Js is observed in low temperature region.
The critical current density is suppressed exponentially with increasing magnetic field. Tempera-
ture dependencies of resistivity under various currents and fields are measured, revealing a robust
superconducting current density and bulk superconductivity.
PACS numbers: 74.25.F-, 74.25.Sv, 74.25.Ha, 74.25.Fy
Since the discovery of high temperature superconduc-
tivity in LaFeAsO1−xFx[1], at least eight different struc-
tures of iron-based superconductors have been found in
succession[2–4]. Therein, FeAs-based as well as FeSe-
based superconductors are two most common and impor-
tant families. For the electric neutrality of FeSe-layers,
by the normal high temperature sintering method, no
spacer layer can be easily intercalated in between FeSe-
layers, whose structure is similar to FeAs-layers. As far as
we know, FeSe-based superconductors cover the phases
of Fe1+xSe, monolayer FeSe film on SrTiO3 substrate,
AxFe2−ySe2, Ax(NH3)yFe2−zSe2 (A is alkali or alkali-
earth metal), LixXyFe2−zSe2( X is an organic molecule)
and so on[5]. Among them, Fe1+xSe single crystal has
a low superconducting transition temperature of only
about 8K at ambient pressure[6]. Although monolayer
FeSe film with Tc about 65K[7] indicates a possibility
of high Tc superconductivity in FeSe-based supercon-
ductors, it is made on oxide substrates like SrTiO3 by
MBE and is extremely sensitive to air[7, 8]. The FeSe
monolayer thin film without covering with FeTe layers
will be damaged after being taken out of the vacuum
chamber. So it is very hard to measure the magnetiza-
tion and electrical transport properties in situ. For the
AxFe2−ySe2 system with superconducting Tc at about
32K, single crystals can be grown by the high temper-
ature sintering method [9, 10]. However, the supercon-
ducting phase is always inter-grow with the insulating
phase A0.8Fe1.6Se2 (or called as the 245 phase) which has
a
√
5×
√
5 ordered structure of Fe-vacancies[11]. In the
phase of AxFe2−ySe2, through the scanning electron mi-
croscopy (SEM) analysis, it was shown the the supercon-
ducting phase takes over only about 20% volume of the
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total phase. Thus, this phase separation clearly obstacles
the investigation of intrinsic superconducting properties
of the FeSe-based superconducting phase. Meanwhile,
the Ax(NH3)yFe2−zSe2 and LixXyFe2−zSe2 phases are
very sensitive to air. Up to now, no single crystals of
them are available for measurements.
The newly found superconductor (Li1−xFex)OHFeSe
can be conveniently synthesized by the hydrothermal
method[12]. Comparing with other FeSe-based su-
perconductors, the superconducting transition temper-
ature Tc of about 40K of (Li1−xFex)OHFeSe is much
higher than that in Fe1+xSe and comparable to the
monolayer FeSe thin film system[7]. It was shown
that the (Li1−xFex)OHFeSe phase has very little Fe-
vacancies in the FeSe-layers with a measured ration about
Fe:Se=0.98:1[13]. Therefore, this system has some ad-
vantages over the AxFe2−ySe2 which has a great quantity
of Fe-vacancy and accompanies with the phase separa-
tion. Moreover, by a hydrothermal ion-exchange method,
one can obtain crystals of (Li1−xFex)OHFeSe with large
sizes and good quality[14]. And the single crystals can
keep stable in the air for a period of time. Therefore,
it is a good platform to study the intrinsic properties of
FeSe-based superconductors, from which a further com-
prehension to the mechanism of iron-based superconduc-
tors can be acquired. In the (Li1−xFex)OHFeSe systems,
several measurements have already been employed, such
as scanning tunneling microscopy (STM), angle resolved
photoemmison spectroscopy (ARPES), ionic field gating
effect, etc.[15–17]. Our previous STM work[15], based on
the high quality crystals, has clearly indicated the pres-
ence of double anisotropic gaps in (Li1−xFex)OHFeSe,
which mimics that in the monolayer FeSe thin film. Pre-
viously Dong et al. have done some electrical trans-
port measurements on the single crystals[14]. Here, we
show some further measurements on magnetic and elec-
trical properties of (Li1−xFex)OHFeSe, in order to know
2FIG. 1: (Color online) X-ray diffraction patterns for the
(Li1−xFex)OHFeSe crystal. One can see the predominant
(00l) indices. The inset is a schematic structure of tetrag-
onal (Li1−xFex)OHFeSe.
how robust the superconductivity is, and whether it is
bulk superconductive or it is phase separated, like in
AxFe2−ySe2.
The (Li1−xFex)OHFeSe crystals investigated in this
work are synthesized using a hydrothermal ion-exchange
method, as reported previously[14]. Firstly, K0.8Fe2Se2
crystals were grown using the self-flux method. Next,
LiOH (J&K, 99% purity) liquid was dissolved in deion-
ized water in a teflon-linked stainless-steel autoclave
(volume 50mL). Then, iron powder (Aladdin Industrial,
99.99% purity), selenourea (J&K, 99.9% purity), and sev-
eral pieces of K0.8Fe2Se2 crystals were added to the so-
lution. After that, the autoclave was sealed and heated
up to 120 ◦C followed by staying for 40 to 50 hours.
Finally, the (Li1−xFex)OHFeSe crystals with a metallic-
grey colored surface can be obtained by leaching. The
X-ray diffraction (XRD) measurements were performed
on a Bruker D8 Advanced diffractometer with the Cu-Kα
radiation. DC magnetization measurements were carried
out with a Quantum Design instrument SQUID-VSM-
7T. The resistive measurements were done with the stan-
dard four-probe method on a Quantum Design instru-
ment Physical Property Measurement System (PPMS).
In measuring the resistivity, the current was switched
from positive to negative alternatively in order to remove
the contacting thermal power.
Fig. 1 shows the X-ray diffraction (XRD) spectra for
the (Li1−xFex)OHFeSe single crystal. The sample turns
out to be very layered feature and can be easily cleaved.
Only (00l) reflections can be seen in the XRD pattern,
indicating highly orientation along the c-axis. The l
containing both odd and even numbers, which indicates
the structural changing from I4/mmm of K0.8Fe2Se2 to
P4/nmm of (Li1−xFex)OHFeSe. The c-axis lattice con-
stant is about 9.27A˚ which is close to the reported results
in (Li1−xFex)OHFeSe[12]. The inset shows the schematic
structure of (Li1−xFex)OHFeSe which has a typical lay-
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FIG. 2: (Color online) Temperature dependence of resistivity
for the (Li1−xFex)OHFeSe crystal at zero field with measuring
current of 20µA. The solid line shows the fit in the low tem-
perature range by the formula ρ(0)+ATn. The upper inset is
the temperature dependence of magnetic susceptibility mea-
sured in both ZFC and FC modes for a sample taken from the
same batch, with an applied field of 20Oe parallel to c-axis.
ered structure of iron-based superconductors.
In Fig. 2, we present the temperature dependence
of resistivity from 10K to 300K at zero field with a
measuring current of 20µA. The resistivity decreases
monotonically from room temperature to the lower tem-
perature, which shows a highly metallic conductivity.
The solid line shows the fit in the low temperature
range by ρ(T )=ρ(0)+AT n with ρ(0)= 5.65mΩ*cm , A=
0.00016mΩ*cm/K2, n= 2.32. The residual resistivity
ratio, defined as RRR=ρ(300K)/ρ(0K) ≈7.9, which is
comparable to the previous reported value[14]. In the
normal state, the temperature dependent resistivity here
exhibits a positive curvature and the ratio dρ/dT be-
comes smaller at high temperature. This is similar to
Fe1+xSe single crystals[6], but quite different from some
AxFe2−ySe2 single crystals[9], where a positive curvature
at low temperature and a negative curvature at high tem-
perature are generally observed. In the low temperature
region, an abrupt resistivity drop can be clearly seen.
Using the criterion of 90% of the normal state resistiv-
ity ρn, the onset superconducting transition temperature
T onsetc is determined, which gives a value of about 38.3K.
The inset presents the temperature dependence of mag-
netic susceptibility under an applied field of 20Oe mea-
sured in the zero-field-cooled (ZFC) and field-cooled (FC)
modes. The sample for the magnetization measurements
is one taken from the same batch of that for the resis-
tive measurements. Similar to the resistivity curves, a
sharp superconducting transition can be clearly seen at
about 38K in the magnetic measurements. The transition
temperature is higher than that in AxFe2−ySe2(A = K,
Rb, Cs, Tl)[18–21] and Fe1+xSe at ambient pressure[6].
Furthermore, the magnetic susceptibility measured in
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FIG. 3: (Color online)(a) Magnetization hysteresis loops of
the (Li1−xFex)OHFeSe crystal at various temperatures be-
low Tc, which have deducted the ferromagnetic background
measured at 50K as shown in the inset. (b) Magnetic field
dependence of the calculated superconducting current den-
sity based on the Bean critical state model at temperatures
ranging from 2K to 25K.
the ZFC mode reveals an almost fully superconducting
screening effect.
Fig. 3(a) presents the magnetization hysteresis loops
(MHLs) of the (Li1−xFex)OHFeSe crystals at various
temperatures below Tc. The MHLs presented here have
been deducted a weak ferromagnetic background signal
from the raw data measured at 50K. The background
is shown in the inset of Fig. 3(a). This weak ferromag-
netic signal may be induced by some impurities, or it is
an intrinsic property of the system due to the substitu-
tion of Fe to the Li atoms[13]. This needs to be further
resolved by more investigations. During the measure-
ments, the magnetic field is always perpendicular to the
ab plane of the sample. Here, we determine the width
∆M of MHLs, where ∆M is Mdown-Mup. Mdown(Mup)
is the magnetization at a certain magnetic field in the
decreasing (increasing)-field process. It is interesting to
note that the maximum of the MHL width ∆M≈ 2000
emu/cm3 observed at 2K is comparable to other bulk
iron-based superconductors, such as the optimally doped
10 15 20 25 30 35 40 45 50
0
1
2
3
4
5
6
7
8
9
10
0 1 2 3 4 526
28
30
32
34
36
38
40
m
 c
m
 
 
T (K)
 0.001 mA
 0.05
 0.1
 0.4
 1
 1.5
 2
 3
 3.8
 5
T c
 (K
)
I (mA)
 T onsetc
 T 0c
  
 
 
FIG. 4: (Color online) (a) Temperature dependence of resis-
tivity for the (Li1−xFex)OHFeSe crystal measured with var-
ious currents which are applied always in the ab-plane. The
inset shows the current dependence of Tc, where T
onset
c is de-
termined with a criterion of 90%ρn, and the zero transition
temperature T 0c was determined with 1%ρn.
BaFe2−xCoxAs2. This value is at least one order of mag-
nitude larger than that of KxFe2−ySe2[18], which reveals
the good quality and bulk pinning of our samples. The
monotonically decreasing of M with increasing field re-
veals the absence of fish-tail effect below 7T. For a further
analysis, we calculate the critical current density using
the Bean critical state model[22]. In this model, the su-
perconducting critical current density Js is expressed by
Js = 20
∆M
a(1− a/3b) (1)
where a(cm) and b(cm) (a≤b) are the in-plane sample
sizes. The calculated results are illustrated in Fig. 3(b) in
a semi-logarithmic scale. Obviously, the critical current
density Js of (Li1−xFex)OHFeSe is weakly dependent
with the magnetic field at temperatures below 9K. The
critical current density Js is as large as 2.47×105A/cm2
at 2K in the low field limit. The magnitude is compa-
rable to that in the optimally doped BaFe2−xCoxAs2,
and much larger than 104A/cm2 in the Fe1+xSe and
KxFe2−ySe2[23–25] crystals. At higher temperatures
over 9K, Js decreases rapidly with increasing tempera-
ture and finally becomes vanishingly small after 25K. In
addition, the Js in the high temperatures region is de-
pressed exponentially with the increasing field. And it is
interesting that this type of MHL shape looks very simi-
lar to those in many superconductors, but is very differ-
ent from KxFe2−ySe2[25] in which phase separations are
expected.
In order to check the homogeneity of superconductivity
in (Li1−xFex)OHFeSe crystals, we measured the temper-
ature dependence of resistivity at various currents from
10K to 50K, and the data are presented in Fig. 4. The
current I is always applied in the ab-plane. It is found
410 15 20 25 30 35 40 45 50
0
1
2
3
4
5
6
7
8
9
10
0 2 4 6 8 10 12 14 16 18
20
25
30
35
40
1234567891011123141516171819202122234252627282930313233345363738394041424344456474849505152535455567585960616263646566678697071727374757677789081828384858687888990192939495969798991001011 21031040510610710810911011112314151617181920211221231 4251261271281291301311321331345136137138139140141142143144451 6147148149150151152153154551561 7158159160161162163164651661671 8169170171172173174751761771781 91 0181182183184851861871881891901 1192193194951961971981992002012 2203204205062072082092102112122 32141521621721821922022122234252627282930312322332342 5362372382392402412422432442456247248249250251252253254
255256257258
259260261
262263
264265
266267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301302
303304
305306307
308309310311312313
314315316317318319320321322
3233 432532632732832933033132333453637
383940413423433443453 6473483493503513523533543553567358359360361362363364365366
673 8369370371372373374375376773783 93 0381382383384385386873883893903 1392393394395396973983994004014 2403404405406407084094104114124 3414415416417184194204214224234 44256
0
H (T)
T c
 (K
)
m
 c
m
 
 
T (K)
 16 T   12 T
 9        7
 5        3
 2        1.5
 1        0.75
 0.5     0.3
 0.2     0.1
 0.05  1  0
 T onsetc
 T 0c  
 
 
 
FIG. 5: (Color online) Temperature dependence of resistivity
with the magnetic field applied parallel to c-axis. The inset
shows the field dependence of Tc. T
onset
c is determined with
criterion of 90%ρn and T
0
c with 1%ρn.
that when a larger measuring current is used, the normal
state resistivity ρn becomes slightly increased. The en-
hancement of the normal state resistivity may be induced
by the local heating effect when the measuring current is
high. It is interesting to note that the value of Tc drops
down slowly when the measuring current I is increased
from 0.001mA to 5mA (corresponding to the current den-
sity of about 0.0136 to 68A/cm2). The current depen-
dence of the superconducting transition temperature Tc
is shown in the inset of Fig. 4. Here, T onsetc is deter-
mined with the criterion of 90%ρn and T
0
c with 1%ρn.
This weak suppression of Tc by the measuring current
density may suggest that the sample should not have the
phase separation like that in KxFe2−ySe2. If phase sep-
aration would exist in the system, the superconducting
transition and the related transition temperature should
be strongly influenced by the measuring current density.
This seems not the case here. This conclusion is also con-
sistent with the large MHL width and Jc value observed
in the (Li1−xFex)OHFeSe crystal.
In Fig. 5, we show the temperature dependence of re-
sistivity for the (Li1−xFex)OHFeSe crystal at zero field
and various magnetic fields with the field directions par-
allel to c-axis, while the current is always applied in the
ab-plane. As the applied field is increased, the super-
conducting transition temperature is suppressed gradu-
ally, and the normal state resistivity ρn reveals a negative
magnetoresistivity. This abnormal negative magnetore-
sistivity has not been found in the previous report[14],
and might be caused by some magnetic impurities aris-
ing from the partial substitution of Li by Fe in the Li
layers. A negative magnetoresistance is expected in a
system with magnetic scattering centers. In addition, the
magnetic field induces a clear broadening of the supercon-
ducting transition. This broadened transition is induced
by the vortex motion since the (Li1−xFex)OHFeSe sys-
tem has a large spatial distance between the FeSe layers
and thus the anisotropy is quite high. However, the up-
per critical field Hc2 defined by 90%ρn remains robust,
suggesting a strong pairing strength since Hc2 is propor-
tional to ∆2s with ∆s the superconducting gap. Through
our measurements of the magnetization and the resistive
transitions under different magnetic fields and current,
and the thoughtful analysis, we can conclude that the
superconductivity is robust, uniform without the phase
separation as that occurring in KxFe2−ySe2.
In summary, we successfully synthesized the
(Li1−xFex)OHFeSe crystals with large size and good
quality by the hydrothermal ion-exchange method. The
magnetic hysteresis loops at various temperatures are
measured which exhibit a symmetric shape, indicating a
vortex bulk pinning property and thus bulk supercon-
ductivity. By using the Bean critical state model, we
calculated the superconducting current density Js which
amounts to 2.47×105 A/cm2 at 2K and zero magnetic
field. This value of Js of (Li1−xFex)OHFeSe is very
large compared with that in KxFe2−ySe2. The latter
was proved to have phase separation. In addition, we
measured the temperature dependence of resistivity with
different transport currents in (Li1−xFex)OHFeSe. It is
found that the superconducting transition temperature
drops down slightly when the measuring current density
is increased from 0.0136 to 68A/cm2, suggesting again
the absence of phase separation. Finally the resistive
transition has been measured under different magnetic
fields. A clear broadening of the transition is observed,
which indicates a strong vortex motion due to the high
anisotropy of the system.
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